ABSTRACT. Until recently, Fenneropenaeus penicillatus was considered a commercial shrimp species. However, in 2005, it was included on the Red List as an endangered species by the Chinese government. In this study, 19 new microsatellite markers in F. penicillatus were developed and tested in samples of 32 wild individuals from Nanao, China. Twelve loci were polymorphic and 7 were monomorphic. Of the 12 polymorphic loci, the number of alleles per locus ranged from 3 to 6, with an average of 4.42 alleles per locus. The polymorphism information content ranged from 0.302 to 0.670, with a mean of 0.4817. The observed and expected heterozygosities ranged from 0.2250 to 0.8889 and from 0.1111 to 0.7750, respectively. Significant deviations from Hardy-Weinberg equilibrium (HWE, adjusted P < 0.0042) after a Bonferroni correction were observed in 3 loci (NA-9, NA-57, and NA-64), whereas the other 9 loci were in HWE. These new microsatellite markers will be useful in further research on the population genetic structure of F. penicillatus.
INTRODUCTION
The red tail prawn (Fenneropenaeus penicillatus) is mainly distributed from Pakistan to Indonesia in the Indo-West Pacific, and it was considered to be one of the most important commercial marine shrimps in the East and South China Seas in the 1980s and 1990s (Zhang et al., 2010; Cao et al., 2012) . Because of the prosperity of the fishery industry and loss of habitat, the population of F. penicillatus was reduced in some regions. In 2005, F. penicillatus was included on the Red List as an endangered species by the Chinese government (Wang and Xie, 2009) . As the red tail prawn was an important economical shrimp in the past, some effort must be made to revitalize the shrimp industry and to slow down the shrinking of its gene pool.
Microsatellites (also known as simple sequence repeats or SSRs) are short tandem nucleotide repeats located in nuclear DNA, which are inherited co-dominantly in a Mendelian fashion and have high polymorphism. In contrast with single nucleotide polymorphisms (SNP) and genotyping-by-sequencing methods, microsatellite markers are useful in analyzing samples with low DNA quality or concentration. They can be used to assess genetic variability and inbreeding, parentage assignment, species and strain identification, hybridization, and marker-assisted identification of quantitative trait loci through the construction of genetic linkage maps (Liu and Cordes, 2004; Dawson et al., 2013) . Microsatellite markers are widely used in the study of wild and cultured aquatic species such as Sebastiscus marmoratus , Branchiostoma belcheri Gray , and Siganus fuscescens (Ning et al., 2015) . Eighteen polymorphic microsatellite loci of F. penicillatus have been developed for genetic conservation (Cao et al., 2012; Shangguan et al., 2014) . However, they were not sufficient for further study; therefore, 19 additional polymorphic microsatellite loci in F. penicillatus were developed.
MATERIAL AND METHODS
According to the FIASCO protocol (Zane et al., 2002) , we developed new microsatellite markers. Using a modified cetyltrimethylammonium bromide extraction method, genomic DNA was extracted from the tail muscle of five wild F. penicillatus individuals, which were captured in Nanao, China. After the DNA concentration was determined, the genomic DNA was diluted to 100 ng/μL with distilled water and stored at -20°C.
The restriction enzyme MseI (Fermentas, Vilnius, Lithuania) was used to digest genomic DNA at 65°C for 180 min, and the samples were denatured at 80°C for 20 min in a 25-μL volume. The fragment digested was tested on 1% agarose gels. To generate a DNA template for use in subsequent reactions, the fragments digested were ligated to an MseI adapter 1 (5'-ACGATGAGTCCTGAG-3')/MseI adapter 2 (5'-TACTCAGGACT-CAT-3') using T4 DNA ligase (Fermentas) at 22°C for 10 h. After denaturation at 95°C for 10 min, the fragments were hybridized to the biotinylated oligonucleotide probes (CT) 15 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (4): 15412-15416 (2015) and (GT) 15 at 61°C for 1 h. We used streptavidin-coated magnetic sphere particles (Promega, Madison, WI, USA) to isolate SSRs in the fragments, and the loose DNA fragments were removed by washing. The recovered DNA fragments were amplified by PCR using MseI adapter1. Subsequently, we used GenCleanPCR (Generay, Shanghai, China) to remove the extra adapters and dNTPs for purification. The purified products (8 μL) were ligated to 2 μL PMD19-T vector (Takara, Shiga, Japan) at 16°C for 10 h in a 10-μL volume. Subsequently, the products were transformed into 100 μL competent cells of Escherichia coli (Invitrogen, Carlsbad, CA, USA) for further selection on ampicillin plates (60 μg/ mL). Positive clones were then cultured on 96-well plates at 37°C for 4.5 h in the presence of ampicillin (60 μg/mL). PCR amplification was conducted to screen the colonies with the use of an M13 primer. After the PCR products were visualized on 1% agarose gels, 248 clones ranging between 400-1200 bp in size were sequenced by Life Technologies (Guangzhou, China).
In all, 242 fragments were successfully sequenced, and 217 positive colonies contained microsatellite loci after a test using the SSRHunter (version 1.3) software. Seventy one pairs of microsatellite amplification primers were designed by using Primer Premier 5.0.32 (Clarke and Gorley, 2001) . After optimizing the amplification conditions for each primer pair in a Mastercycler ® Gradient System (Eppendorf, Hamburg, Germany), 33 primer pairs were successfully selected for testing by amplifying the genomic DNA of 32 wild individuals captured in Nanao, China. The PCR amplification was conducted as follows: pre-denaturation at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 30 s, annealing at the optimal temperature (Table 1) , and 72°C for 40 s, with a 10 min elongation at 72°C. The amplified products were electrophoresed on 6% denaturing polyacrylamide gels in a Sequi-Gen ® Sequencing Cell (Bio-Rad, Hercules, CA, USA), and they were visualized by silver staining. Finally, the number of alleles per locus, the observed and expected heterozygosities, tests for linkage disequilibrium, and Hardy-Weinberg equilibrium (HWE) were calculated by using the POPGEN32 (version 1.32) software (Yeh et al., 2000) . Polymorphic information content (PIC) was calculated by using the CERVUS (version 3.0) software.
RESULTS AND DISCUSSION
Twelve polymorphic and 7 monomorphic microsatellite markers were screened and characterized (Table 1 ). The remaining markers were excluded because of the Wahlund effect, inbreeding, insufficient amplification, or the presence of non-specific repeated bands. Of the 12 polymorphic microsatellite markers, the number of alleles per locus ranged from 3 to 6, with an average of 4.42 alleles per locus. The PIC ranged from 0.302 to 0.670 with a mean of 0.4817. The observed and expected heterozygosities ranged from 0.2250 to 0.8889 and from 0.1111 to 0.7750, respectively. Significant deviations from HWE (adjusted P < 0.0042) after a Bonferroni correction were observed at 3 loci (NA-9, NA-57, and NA-64), while the other 9 loci were in HWE. Microsatellites have the highest cross-species utility of all the markers used for genotyping (Dawson et al., 2013) , which has been shown in Fenneropenaeus chinensis (Wang et al., 2005) and Capsicum Species (Ince et al., 2010) . We believe that the 19 new microsatellite markers will be useful in further research on F. penicillatus and related species. 
